We desaibe the production of plyclonal chicken antibodies specific for bovine growth hormone (bGH) and prolactin (PRL). Antibodies were generated by immunization of laying hens with recombinant bGH (rbGH), pituitary derived bGH (pbGH), and ovine PRL (oPRL). After the lipoprotein fraction was removed by dextran sulfate precipitation the antibodies were isolated from the egg yolks by ammonium sulfate precipitation. h u n i z a t i o n with rbGH and oPIU generated large amounts of specific antibodies, as revealed by ELISA and Western blot analysis. Antibodies against pbGH showed pronounced aossreactions with oPRL. The antibodies against rbGH and oPRL were well suited for sensitive and specific labeling of the GH-and PRL synthesizing cells in bovine pituitary glands by immuno-
Introduction
Avian antibodies are an excellent alternative to mammalian antibodies in several analytical systems based on immunological reactions (24,35,37) . Many studies have demonstrated the remarkable immune response of chickens after immunization with various antigens (36,39). To protect newly hatched chicks against hostile invaders, maternal antibodies are transferred from the hen into the egg, where the IgG concentrations in the yolk reach circulatory IgG levels (20,29,30,33). Because it is easy to handle laying hens for immunization, sampling of eggs, and isolation of yolk IgG, egg yolk has proven to be an excellent and inexpensive source of antibodies. Furthermore, large amounts of antibodies can be generated by this procedure (2,4,25,31,32,45) . Recently there has been increasing interest in the synthesis of and application of bovine growth hormone (bGH), produced by recombinant gene techniques, to increase lactation and growth (16) . Therefore, large amounts of specific antibodies for many analytical systems are needed. In a Correspondence to: Peter Schmidt, InstiNt fiir Tierpathologie, Veterinirstr. 13, 8000 Miinchen 22, Germany. histochemistry. In addition, a quick and sensitive procedure for demonstration of both bGH-and PRLsynthesizing cells in a single paratTim section by double immunohistochemistry is presented. The chicken anti-bGH antibodies showed excellent results in combination with rabbit anti-PIU antibodies. The main advantage of avian antibodies in double immunostaining methods is the lack of aossreactions between avian antibodies and mammalian immunoglobulins and receptors which bind to the crystalline hgment of mammalian immunoglobulins (Fc receptors). (JHistOchem Cyto-&em 41:1&1-1&, 1993) KEY WORDS: Immunohistochemisuy; Double immunoenzymatic staining; Chicken egg antibodies; Bovine pituitary hormones.
previous study we described the first application of egg yolk antibodies in immunohistochemistry (34). The objectives of this study were production of antibodies specific to bGH and prolactin (PRL), isolation of IgG from the egg yolk, and demonstration of successful use of the yolk antibodies in serology and immunohistochemistry.
Materials and Methods
Immunization of Chickens and Preparation of Antibodies. For i"unization, ovine prolactin (oPRL) was purchased from Sigma (Deisenhofen, Germany), recombinant bGH (rbGH) was obtained from Monsanto (Diisseldorf, Germany) and pituitary bGH (pbGH) was kindly provided by the NIH (NIH-GH-B-1). PRL was diluted in 1 ml of hormone solvent (Sigma) and bGH was diluted in 1 ml of 0.9% NaCI. Each hormone was mixed with 1 ml of complete Freund's adjuvant (CFA), and three laying hens ( h hmann Selected Leghorn) were immunized EM with 1 mg of either oPRL, rbGH, or pbGH. Four weeks after priming the animals were reimmunized with incomplete Freund's adjuvant (IFA) instead of CFA. The eggs were harvested daily and blood samples were taken at intervals of 1 week.
Isolation of antibodies was performed by precipitation of the lipoproteins with dextran sulfate and an ensuing precipitation ofthe globulin fraction with ammonium sulfate as described by Jensenius et al. (18) , with some modifications (35). After diluting the yolk 1:5 with Pis-buffered saline, (TBS) the lipoproteins were precipitated with 0.6% dextran sulfate solution and 0.15 mollliter calcium chloride. and were then separated by centrifugation (12.000 x g, 15 min). The supernatant was dialyzed against TBS. The globulin fraction was precipitated with 50% saturated ammonium sulfate solution and was centrifuged (12,000 x g, 15 min). The sediment was resolved in PBS, dialyzed against PBS. and the volume of the isolate was adjusted to the original volume of the yolk.
Enzymelinked Immunmrbent Asay (ELISA). Sera of immunized hens were tested for their hormone-specific antibody content by an indirect immunoassay according to Engvall and Perlmann (9) . ELISA microtiter plates (Nunc; Wiesbaden, Germany) were coated with rbGH, pbGH, and oPRL (2 pglml 0.1 mollliter Na2CO3 coating buffer, 100 pllwell, overnight at 4°C). respectively. After blocking (1% BSA in PBS, pH 7.2, 200 pllwell, 1 hr at 37'C) the sera were incubated in log2 serial dilutions (pre-diluted 1:50 in PBS-Tween, 50 pllwell, 1 hr at 37°C). Specific chicken antibodies were detected with horseradish peroxidase (HRP)-labeled monodonal mouse anti-chicken IgG antibody (Gl-HRP. 1:20,000. 50 pllwell. 1 hr at 37°C) described by Erhard et al. (11) . The enzyme reaction was made visible by adding o-phenylenediamine (OPD, 2.5 mollliter in 0.1 mollliter citratephosphate buffer, pH 5.0, with 0.015% H202. 100 pllwell). The reaction was stopped after 10 min with HCI (2 mollliter, 50 pllwell) and measured at 492 nm.
Immunoblotting. SDS-PAGE was performed according to Laemmli (23) and as previously described by Erhard et al. (11) . Polyacrylamide concentrations of the separation gel were between 5% and 22.5% (wlv). Recombinant bGH (100 pglml), pbGH solution extracted from a bovine pituitary gland. and oPRL (100 pglml) were added to an equal volume of SDS-PAGE sample buffer before loading the gel for electrophoresis (10 Westem blots were prepared as described by Towbin et al. (40) and . using a semi-dry electroblotter (SM 17556) (Sartorius; Gttingen. Germany). Transfer onto a nitrocellulose membrane (BA 83, pore size 0.2 pm) (Schleicher & Schull; Dassel, Germany) took 90 min at 0.8 mA/cm2. After blocking with powdered milk (4% in PBS), nitrocellulose was incubated with 5 pg rbGH-specific chicken antibodylml PBS. The protein bands were visualized with GI-HRP (1:lO. OOO in PBS. 1 hr at RT) and 4-chloro-1-naphthol as enzyme substrate. pllslot).
Immunohistochemistry. A modification of the avidin-biotin complex (ABC) method (17) was used to immunohistochemically demonstrate the PRG and bGH-synthesizing cells in 3-pm paraffin sections of bovine pituitary glands. Endogenous peroxidase was quenched with 1% H202 in methanol for 30 min. After incubation with 10% decomplcmented normal goat serum for 30 min. the slides were overlaid with the primary chicken anti-bGH or anti-PRL antibodies. To evaluate the highest possible dilution resulting in positive immunostaining, the antisera were diluted 1:50. 1:lOO. 1:250, 1:500, and 1:lOOO. Biotinylated goat anti-chicken IgG (1:200) (vector; Burlingame, CA) was used as second antibody. In the next step. the ABC (ABC-PO standard kit; Vector) labeled with HRP was used. The HRP was developed with 0.05% 3,3'diaminobenzidine tetrahydrochloride (DAB Sigma) in PBS containing 0.01% H202. Between each incubation step the slides were washed thoroughly with PBS.
The specificity of the reaction was checked by omission of each of the incubation steps (primary antibodies, biotinylated bridge antibodies, m p t -ABC-peroxidase conjugate) and by competitive blocking of the primary antibodies with antigen. Masson trichrome staining was applied on adjacent sections to adjoin the immunopositive cells to the related acidophils.
For immunohistochemical visualization of bGH-and PRGproducing cells in the same tissue section, combination of the ABC-alkaline phosphatase (ABC-AP) method with an indirect immunoperoxidase technique was used. P d i n sections 1 pn thick wcre produced with an ultracut microtome (Reichert-Jung; Wien, Austria) with a diamond knife. Dewaxing, rehydration, and blocking of endogenous peroxidase were performed as de- The immunoreaction was visualized with 0.5 mmollliter naphthol AS-MXphosphate (Sigma) and 2 mmollliter Fast Blue BB (Sigma) in 0.1 mollliter Tris-HC1 buffer, pH 9.0 (Tris 11). The slides were then incubated overnight in %is I at 4'C, overlaid with normal goat serum (20 min), and incubated with primary rabbit anti-bovine PRLantiserum (1500 in Tris I). Goat antirabbit IgG coupled with HRP (Sigma), 1:lOO in %is I served as second antibody. The immunopcroxidase reaction was visualized with DAB as described above. Double staining was always combined with staining of single antigens on consecutive sections. Therefore, it was possible to demonstrate that all antigenic sites were visualized by the double-staining procedure.
Results
The specific antibody titers of the sera were determined by ELISA at an extinction of 0.5. Immunization of the laying hens with rbGH, pbGH, and oPRL led to pronounced production of hormonespecific antibodies. Maximal antibody titers (Table 1) elevated for more than 9 weeks. Whereas the high specific rbGH and oPRL sera showed negligible crossreactions, antibodies generated against pbGH reacted strongly with oPRL in ELISA. The specificity of the isolated yolk antibodies was confirmed in Western blot analysis. As shown in Figure 1 , bGH-specific yolk antibodies from the hen immunized with rbGH detected only rbGH (Lane 3) and pbGH (Lane 1); there was no crossreactivity to PRL (Lane 2) or other pituitary proteins (Lane 1). The yolk antibodies generated against oPRL did not recognize bGH and showed corresponding specific results. As in the ELISA, antibodies generated against pbGH showed a positive immunological reaction with oPRL in Western blot.
We further characterized the specificity of the polyclonal yolk antibodies by examining their suitability for detection of PRL and bGH in formalin-fixed, paraffin-embedded pituitary tissue.
To show a distinct positive immunohistochemical reaction, the highest possible dilution of the generated antibodies that could be applied was 1:250 (chicken anti-bGH) and 1500 (chicken anti-oPRL). With our yolk antibodies, specific differentiation of bGHsynthesizing cells from PRGsynthesizing cells in bovine adenohypophysis was possible. In both cell types the antigen was specifically visualized in cytoplasmic secretory granules, whereas no reaction was found in the nuclei. As shown in Figure 2 , the bGH immunopositive cells are round to ovoid; most nuclei are eccentrically located. These cells are arranged singly or in small groups and are found throughout the pars distalis. The PRL-synthesizing cells are larger and polygonal (Figure 3) ; most nuclei are in the center of the cell. These cells are mainly arranged in clusters and are distributed throughout the pars distalis, especially abundant in the peripheral areas. No positive immunoreaction was observed when the first antibodies were omitted. Addition of 10 wg of bGH or PRL to 1 mi of the highest working dilution of anti-bGH or anti-PRL, respectively, prevented immunostaining. Furthermore, addition of bGH to anti-PRL and of PRL to anti-bGH did not reduce the immunostaining intensity. Double immunohistochemical labeling of b p m paraffin sections resulted in a characteristic staining of the bGH-and PRLproducing cells in the same section of the bovine pituitary gland (Figure 4) . Positive AP reaction revealed granular dark blue staining of the bGH-synthesizing cells with good labeling intensity. These cells could clearly be differentiated from the PRLproducing cells, which developed granular brown cytoplasm as a consequence of DAB cleavage by HRP. Both cell types showed the same characteristic staining pattern in shape and tissue distribution as in the single immunohistochemistry described above. Single bGH-immunopositive cells were interspersed among clusters of PRGimmunoposiuve ones. The same results were obtained by mixing of the first and also of the second antibodies. All cells determined by a positive immunoreaction in double-labeling immunohistochemistry could be identified as acidophils in adjacent trichrome-stained sections. As in single immunohistochemistry, no immunostaining of basophilic and chromophobic cell types was observed with the double immunohistochemical labeling technique.
Discussion
In this study we produced specific antibodies against bGH and PRL in chickens. These antibodies were isolated from egg yolk and their applicability in immunohistochemical techniques was tested.
One basic requirement for reliable immunoreagents is a highly titered antiserum. Immunization of chickens with bGH and PRL, respectively, generated high circulatory antibody concentrations. As in former investigations (10, 21, 22, (34) (35) (36) , we used mineral oil adjuvants partly supplemented with microbacteria] species (CFA) to enhance antibody response. CFA has proven to be a very potent adjuvant in chickens (39), and the following formation of a longlasting plateau of high antibody titers is generally explained by the formation of local granulomas at the site of immunization, enclosing the emulsified antigen and then releasing it permanently in small doses (15, 39) .
Because IgG is transferred into the egg yolk we could produce large amounts of antibodies within a short time. With this method, the equivalent of more than 100 ml of serum/animal/week can be obtained (18) if all eggs (6-7/week/animal) are used. Egg yolk contains 3-25 mg IgG/ml; thus, depending on its weight, each egg yolk provides 40-500 mg IgG (25). The yolk lipids, as well as a large proportion of proteins, which were not required, were removed by a simple two-step precipitation procedure.
Another prerequisite for immunohistochemistry is a specific reaction of the antibodies. In ELISA, immunization with oPRL and rbGH resulted in generation of large amounts of specific antibodies that showed no or only negligible crossreactivity with the other related antigen. However, the antibodies generated after immunization with pbGH did react strongly with PRL coated on the ELISA plate. It is possible that the pbGH preparation used for immunization contains trace amounts of PRL. Some impurities in standard preparations of pbGH were reported (1). In contrast, bGH derived from recombinant E. coli guarantees an antigen preparation free from other pituitary constituents. To avoid false-positive results, for further experiments we used only antisera raised against rbGH and PRL.
Reactivity of the selected antibodies with other pituitary hormones that had not been tested in ELISA had to be excluded. In Western blot after SDS-PAGE, we demonstrated that the rbGHand Pmspecific antibodies bound exclusively to the corresponding antigens, even when the immunoreaction with pituitary extracts was tested. Crossreactivity between oPRL specific antibodies and bovine PRL is known (6). The second immunopositive protein band at 44 KD in the Western blot obviously represents a bGH dimer. Conformational transitions and associations of the purified hormone are well known (13).
In the next step we tested the applicability of the chicken antibodies in immunohistochemistry, first with a single immunolabeling technique. Each of the immunostained cell types showed a characteristic pattern of shape and tissue distribution, known to exist in the bovine pituitary gland (5.44). Trichrome staining of adjacent sections revealed that only the acidophilic cell populations were stained by immunohistochemistry. Further evidence for the speci-ficity of the immunohistochemical procedure was the ability to competitively inhibit immunostaining by pte-incubation of the antibody solutions with the respective antigens.
The main advantage of avian antibodies in immunohistochemistry, however, is the lack of crossreactions between avian antibodies and mammalian IgG and Fc receptors. Thus, it is possible to avoid false-positive results when these compounds should be specifically detected or are constituents of the immunohistochemical detection system. Multiple mammalian IgGs are usually involved in double or multiple immunostaining techniques to detect different antigens in a single section or even in a single cell. To apply these methods, a very high specificity of the immunoreagents used is necessary. First attempts to co-localize antigens in the same section using double-staining methods, by either applying two contrasting substrates for peroxidase (12, 26, 28, 42) or using first antibodies raised in the same species (7, 8, 41) , ran the risk of unwanted crossreactions or required additional elution steps. Attempts to overcome these problems included sequential labeling techniques (3,38), the use of multiple enzyme conjugates (3, 27, 43) , and the use of primary antibodies generated in different mammalian species (27, 43) . In the present study we tried to increase the specificity of the immunoreaction in double immunohistochemistry by replacing one of the first mammalian antibodies by an avian antibody preparation. In addition, the secondary antibodies against the first hormone-specific IgGs were generated in the same species (goat) to further reduce undesired crossreactions. Furthermore, very thin paraffin sections (1 m) were used, to avoid the possibility of one cell overlying another and thereby creating a false impression of double staining for two hormones. Our results show that the acidophilic cells in the bovine pituitary gland can be clearly differentiated into bGH-and PRLsynthesizing cells by double immunohistochemistry, using specific chicken and rabbit antibodies. No nonspecific immunostaining was detected. By simultaneously mixing and applying the first antibody solutions as well as the second antibodies, the duration of the immunohistochemical procedure could be significantly reduced. As a consequence, the time required for this one-step double immunohistochemistry was only a few minutes longer than a single immunoenzymatic technique. In contrast to Frawley and Bookfor (14) we could detect only negligible numbers of cells that produce both GH and PRL (data not shown). Obviously this finding is due to the technique of light microscopic immunohistochemistry. For this reason, Frawley and Bookfor propose techniques with greater powers of resolution and sensitivity, e.g., colloidal gold modification of dual staining and the reverse hemolytic plaque assay. Furthermore, a disadvantage in the use of very thin paraffin sections in light microscopic double immunohistochemistry is the possibility that one section might miss the area of a cell containing two hormones (43).
In conclusion, chicken egg antibodies, which can be generated in large amounts, are well suited for immunohistochemical staining procedures. They are particularly useful for double immunohistochemistry because, most importantly, they prevent undesired crossreactions with mammalian immunoglobulins.
